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ABSTRACT

The vernal swales and pools of the Santa Rosa Plain (Sonoma County, CA)
were once part of an interconnected network of creeks, floodplains, and wetlands that
drained west-southwest towards the Laguna de Santa Rosa, a tributary to the Russian
River. Over the last 140 years, the hydrologic network of the plain has been
fragmented by roads and property lines, altered by drainage channels, levees and
irrigation, and degraded by runoff from farms and dairies. Cultivation brought
thousands of acres of orchards, vineyards and row crops, and introduced more than
100 species of competitive weeds that invaded the remnants of wetland and upiand
commu'nities, especially affecting the abundance and distribution of native species that
occupy vernal pool and swale habitats.

Acquisition of properties containing vernal pools and swales and their rare
inhabitants has resulted in more than 18 separate properties, ranging in size from 1 to
174 acres, being placed under the regulatory auspices of the California Depariment of
Fish and Game (CDFG). The purposes of this project (phase 1) were to 1) integrate the
CDFG owned or controlled properties on the Santa Rosa Plain into a single,
scientifically-based planning, management and public education system (the Santa
Rosa Vernal Reserve System, SRVRS) by inventorying the biological, logistical and
security characteristics of the properties and synthesizing the information into a
database, 2) suggest a system of short-term management regimes that would help
organize and pricritize restoration activities, and 3) design an initial set of management
experiments that could provide practical prescriptions for maintaining plant species
richness and ecosystem integrity with respect to vernal pools and swales.

The SRVRS Database was thus produced as an electronic summary of
property-based information entered into Microsoft Access and displayed as nine

tables: Properties, AdjacentPropEast, North, South, or West (the adjacent properties),



BioResources, Hydrology, Soils, and Security. The 2.13 Mb database became the
basis for narratives that describe property attributes from the standpoint of potential for
supporting management experiments and restoration activities. The analysis of these
aftributes led to recommendations for short-term management regimes and goals for
the SRVRS. Each property was placed in one of four categories (experimental,
ecosystem enhancement, intensive care or quiescent) that will guide management
decisions over the next 5 to 10 years.

The first goal of the Santa Rosa Vernal Reserve System is to develop
management prescriptions for improving the habitat quality of native plant populations,
especially those of conservation interest. The goal will be met through four objectives:
1) conduct initial experiments at a single site that test ecologically sound and practical
manipulations for shifting plant cover from exotic to native and from sparse to
abundant, 2} conduct a second set of experiments at multiple sites that differ in their
soils, hydrotogy, and initial plant cover, 3) perform non-experimental manipulations
that favor native cover, 4) repeat the experimental and non-experimental
manipulations in years with different temperature and precipitation regimes. Portions
of several objectives will be addressed over the next two years (November 1998 to
November 2000). The design of a primary experiment on the effects of early summer
mowing is presénted (objective #1) using the Cramer property with its extensive,
relatively unaltered swale and pool system and large Limnanthes vinculans
(Sebastopol meadowfoam) subpopulations. A secondary experiment, on a smaller
scale, will be conducted at Alton Lane in order to expose Blennosperma bakeri
{(Sonoma Sunshine) to mowing and to include a different soil type in the treatment
{objective # 2). Finally, some non-experimental “spot treatments” with foliar herbicide
(to control Mentha pulegium) and fire (using burn box technology, Pavlik et al. 1993,
Pavlik 1895) will be initiated for purposes of developing some intensive care

procedures (objective #3).



TABLE OF CONTENTS
Abstract
Introduction

The Santa Rosa Vernal Reserve System (SRVRS)
Location and Nomenclature of the Properties

Data Collection and Collation

CDFG Files and Library
L.ands Files
Ptant Ecclogist Files
Allan Buckmann Files
CDFG Library

Field Trips

Local Experts

The SRVRS Database

Narrative Descriptions of the Propterties: Potential for Restoration Experiments
and Management

Short-term Management Regimes and Goals for the SRVRS

Developing Management Prescriptions from Experiments

I. Increasing the extent and density of native plants by the use of
summer mowing

Primary Experiment
Secondary Experiment

Summary

Literature Cited

11
11

13
13
13

14

34

37

39
42

44

46



TABLE OF CONTENTS (cont.)

Appendix 1. Property Locations 51
Appendix 2. Property information Datasheet 55
Appendix 3. Property Questicnaire 78
Appendix 4. The SRVRS Database 84
Operation 85
Guidelines and Abbreviations for Data Entry 87
Sample Database File: Cramer Property 99
ACKNOWLEDGMENTS

The authors appreciate the contributions and expertise of Robert Becker (Sonoma
County Airport), Allan Buckmann (CDFG), Debbie Eakins, Betty Guggolz (CNPS), Jack
Guggolz (CNPS), Ann Howald (Santa Rosa Junior Coilege), Theresa LeBlanc
(CDFEG), Jeff Monk (Monk and Associates), Dr. Philip Northen (Sonci')'ma State
University), Lorraine Parsons (Sonoma County Water District), Charles Patterson,
Marco Waaland (Golden Bear Associates), and Carl Wilcox (CDFG). The project was
launched with the help of Jan Knight (USFWS), Peter Baye (USFWS) and Sandy
Morey (CDFG). Support, helpful suggestions, and careful review were provided by
Diane lkeda (CDFG) and Diane Elam (USFWS) from beginning to end. Reviews by

Ann Howald and Carl Wilcox improved earlier versions of this report.



DEVELOPMENT OF THE SANTA ROSA VERNAL RESERVE SYSTEM.
i. PROPERTY INVENTORY, DATABASE CONSTRUCTION AND
SHORT-TERM MANAGEMENT REGIMES FOR
ECOLOGICAL RESTORATION

Bruce M. Pavlik, Abigail Smith and Alice Miller

INTRODUCTION

The vernal swales and pools of the Santa Rosa Plain were once part of an
interconnected network of creeks, floodplains, and wetlands that drained west-
southwest towards the Laguna de Santa Rosa, a tributary to the Russian River. This
extensive network permeated more that 55,000 acres of grassland and oak woodlands
in the basin, creating an ecologically-rich mosaic of lowland communities. Those
communities supported native populations of large grazing animais, such as elk and
deer, roaming predators such as mountain lion and grizzly bear, and vast numbers of
migratory waterfowl. Seasonal flooding, especially in high rainfall years, must have
driven the large-bodied fauna into adjacent uplands while facilitating dispersal of
aquatic and wetland species across otherwise impassable terrain. In years of low
rainfall, pools were isolated from each other in their shallow basins and fires swept
across the dry summer grasslands. Pomo Indians collected acorns and other seed
crops, acting as stewards of the native plants and animals upon which they relied. In
this wild, uncontrolled state, boundaries were few and interactions among all species
had a long and complex history. These essential properties of intact ecosystems,
interconnectivity, faunal exchange, disturbance-driven dynamism, and historical
integration, were forever disrupted by the advent of European settiement, agricultural
development and urbanization.

Over the last 140 years, the hydrologic network of the plain has been fragmented
by roads and property lines, altered by drainage channels, levees and irrigation, and
degraded by runoff from farms and dairies. The roving, native grazers were replaced by

paddocked cattle and sheep and large predators have been almost eliminated. Natural



disturbance processes that once propagated like waves from one end of the plain to the
other have been so confined in space and time that they have become ecologically
irrelevant. The stewardship of native people, based on an ancient and intimate
knowledge of the land, was replaced by intensive cultivation developed in other places.
Cultivation brought thousands of acres of orchards, vineyards and row crops, and
introduced more than 100 species of competitive weeds that invaded the remnants of
wetland and upland communities. Such rapid and significant changes, described in
greater detail by Patterson et al. (1994a) and CH2M Hill (1995), now determine the
biological character of the Santa Rosa Plain, especially affecting the abundance and
distribution of native species that occupy vernal pool and swale habitats.

Acquisition of properties supporting vernal pools and swales and their rare
inhabitants has continued since the establishment of the Laguna de Santa Rosa
Ecological Reserve on Todd Road in 1980. More than 18 separate properties, ranging
in size from 1 acre to 174 acres, have been placed under the regulatory auspices of the
California Department of Fish and Game (CDFG), either by purchase, mitigation
agreements, or the establishment of conservation easements with private Iandowners.
The presence of three plant taxa that are federally- and state-listed as endangered
(Blennosperma bakeri Hieser (Baker's blennosperma), Lasthenia b"urkei (E. Greene)
E. Greené (Sonoma sunshine) and Limnanthes vinculans Ornd. (Sebastopol
meadowfoam) has provided additional incentive for preserving vernal wetland habitat in
this region. The collection of CDFG properties, extending from Windsor to Cotati, could
be referred to as the Santa Rosa Vernal Reserve System (SRVRS) if biological,
logistical and security information were integrated into a single database that supported
a single planning, management, and public education unit.

But current efforts to preserve the vernal wetlands of the Santa Rosa Plain must
also take into account the effects of fragmentation, degradation, and invasion on

biological diversity, even where habitat destruction has been stopped. For example,



populations of Lasthenia burkei have steadily declined at the Todd Road reserve after
removal of domestic livestock and may be effectively extirpated (B. Guggolz, pers.
comm. 5/98). Invasive Mediterranean grasses and other weedy plants could be
responsible (Patterson et al. 1994a), especiaily when they develop dense, competitive
swards in the absence of grazilng or periodic fire. Light- to moderate-leveis of grazing
and low-intensity burns are generally thought to favor the maintenance of high native
species richness in grasslands around the globe (Meurk et al. 1988, Parker 1989,
Rosentreter 1994, Schlising 1996, Fensham 1998, Muller et al. 1998). Mowing has also
been shown to favor native pérennial grasses over exoctic annuals in California
(Danielsen 1996) and to increase species diversity in the chalk grasslands of France
(Fensham 1998). Reducing excessive inputs of nutrients, especially nitrogen from
crops and pastures, would alsc favor native perennial grasses over non-native annual
grasses (Claassen and Marler 1998) and possibly shift the "competitive balance" back
towards a higher diversity of less aggressive plant species (Wedin and Tilman 1996).
There is, therefore, a clear need for site-specific management prescriptions that lessen
the effects of fragmentation, disruption, degradation, and invasion, and thus conserve
native plant species richness and ecosystem integrity within the SRVRS.

The purposes of this project (phase ) were to: 1) Integrate the CIE)FG owned or
controlled properties on the Santa Rosa Plain into a single, scientifically-based planning,
management and public service system. Biological, logistical and security information
was coliated from CDFG file records, property acquistion documents, California Natural
Diversity Database (CNDDB) records, and all available "gray literature”. The properties
were visited to fill gaps with direct field observations and with the assistance of local
experts. The inventory information was then synthesized into a standard format
(database) to 2) suggest a system of short-term management regimes that would help
organize and prioritize restoration activities. Each property was placed in one of four

categories (experimental, ecosystem enhancement, intensive care or quiescent) that will



guide management decisions over the next.5 to 10 years. The biological and logistical
attributes of two properties, Alton Lane and Cramer, permitted 3) design of an initial set of
management experiments to provide practical prescriptions for maintaining plant species
richness and ecosystem integrity with respect to vemal pools and swales.  Such
experiments can also identify significant gaps in our understanding of the properties, their

habitats, and the rare species they support.

THE SANTA ROSA VERNAL RESERVE SYSTEM (SRVRS)
Location and Nomenclature of the Properties

The eighteen properties owned or otherwise controlled by the Department of Fish
and Game (Figure 1) are scattered across the Santa Rosa Plain, from Wikiup in the
north (Mark Springs exit off 101) to Haroutunian in the south (Todd Road exit). All but
Wikiup lie to the west of Highway 101. (Appendix 1 gives directions and addresses).
Some are clustered together or contiguous (e.g. Lagomarsino and Carinalli), others are
isolated from other SRVRS properties (e.g. Bennett). Each has been assigned a map
number that corresponds to the Laguna Wetland Ownership Map A, currently being
developed at the CDFG Regional Headquarters at Yountville (A. Buékmann, pers.
comm. 3/98).

The names of the properties have been problematic, each with an obscure history
that could reflect general location (e.g. Airport, FEMA), street address (Alton Lane, Todd
Road), previous owner (Jinks, Carinalli, Gobbi), mitigation project (Bennett, SW Santa
Rosa Bank), nearby development (Broédmoor), or more formal designation (Laguna de
Santa Rosa Ecological Reserve (= Todd Road)). Such inconsistencies, combined with a
host of popular synonyms, result in considerable confusion when reading documents or
talking to local experts. Table 1 is an attempt to summarize and synonymize the property

nomenclature. It is desirable to begin thinking in terms of "management units" instead of
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Figure 1. Locations of the SRVRS properties. Numbers correspond to Laguna
Wetland Ownership Map A, Table 1 and Appendix 1. Not to scale.



Table 1. Properties of the Santa Rosa Vernal Reserve System (SRVRS), listed from
north to south. Map numbers () are used in Figure 1 and adopted from the
Laguna Wetland Ownership Map A (CDFG). Some have synonyms and
multiple parcels. A "management unit" is a planning and prescription unit.

property synonym parcel(s)/acreage management unit
Wikiup (10) 12 acres Wickiup
Airport (26/27) Sonoma County mitigation sites - 3 acres  Airport

Airport wildflower reserve - 12+ ac
Alton Lane (8) 35 acres Alton Lane
Simi (9) Comalli 1.50 acres Piner Rd Compiex
Jinks (7) Piner Road 1.47 acres
San Miguel (29) Rancho San Miguel 2.07 acres Alton Lane
Abramson Rd (28) Bainbridge West 7.5 acres Abramson Road
Crineila (23) Hall Rd, 4 acres Crineila

Piezzi
Cramer (6) Wright 174 acres Cramer
FEMA (5) High Freguency 69 acres FEMA
Broadmaor (24) North - 14 acres Broadmoor

Carinalii (21)

Lagomarsino (22)

Todd Road (3)
SW Santa
Rosa Bank (2)
Gobbi (1)
Bennett (4)

Haroutunian (25)

Cooper Rd

Laguna de Santa

Rosa Eco Reserve

Engle

Courtside

Sonoma Ag +
Open Space

South- 13 acres
152 acres
76 acres

77 acres
39.4 acres

31 acres
16 acres

30 acres

Cooper Road
Cooper Road
Todd Road
SW Santa
Rosa Bank
Gobbi
Bennett

Haroutunian
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properties, and assigning standardized names to those units. This requires

' consensus between the Department of Fish and Game and all associated parties, and
hence, is beyond the scope of the present project. The management units
circumscribed and named in Table 1 are only an initial suggestion: the exact
circumscription will ultimately depend on how we learn to manage. For example, it
may make sense to combine FEMA and Broadmoor North into a single management
unit for application of treatments, fence repair or other actions because they share a
common border. In some cases adjacent properties have already been grouped
together because there is no institutional obstruction to doing so (e.g. Lagomarsino +
Carinalli = Cooper). Purely as a matter of convenience, some non-adjacent properties
have been grouped because they share a common, muddled history or geography

{e.g. Simi + Jinks + San Miguel = Piner Road Complex).

DATA COLLECTION AND COLLATION INTO A DATABASE:

Data on the SRVRS properties were collected from three sources: 1) the COFG
files and library, 2) field trips and 3) local experts. Site-specific information from these
sources was transcribed onto standard forms (Appendix 2) prior to construction of the
database. These original, handscribed forms are contained in a seri'es of four

looseleaf binders that will be stored at the Yountville CDFG office.

CDFG Files and Library
Lands Files
We first examined the Region 3 lands files (Yountville) to gather initial site
information. Site-specific information was contained in the following lands files:
ecological reserve documents, land evaluation, conservation easements, and
mitigation lands. A variety of general information and site characteristics, such as

county assessor parcel maps, land acquisition agreements, MOUs, and general
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correspondence, were found in these files. A majority of the site information is
disseminated among all of the files but a few sites have additional parcel-specific files.

These sites include Todd Road, Cramer, FEMA, Lagomarsine, and Broadmoor.,

Plant Ecoloqist Files

These files contained species-specific information about vernal pool RTE
species of concern occurring on the Santa Rosa Plain. The majority of the files consist
of species-specific information on CNDDB print outs and CNPS fieid survey forms. In
addition, these files contained specific subject and environmental review documents

which contained a limited amount of general information about the properties.

Files of Allan Buckmann. CDFG Biologist

These files contain a broad range of regulatory documents relating to current
specific CDFG mitigation sites. Environmental Assessments, monitoring reports,
wetland delineation reports, maps, and site-specific documents, such as newspaper

articles, experimental proposals and protocols are included.

CDFG Libra

The CDFG library (Yountville) contained regulatory documents, a majority of
which were mitigation, and monitoring reports, Environmental Impact Reports,
biological assessments, and MOUs. The library contained information about sites
including Bennett, Cramer, Crinella, FEMA, San Miguel, as well as a general vemal
pools file. Summary documents containing the work of the Santa Rosa Vernal Pool
Task Force (CH2M Hill 1995) and summarizing information on vernal species and

properties (Patterson et al. 1994a,b) were also available from this library.
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Field Trips
Site visits to most of the SRVRS properties were made on April 1, 13, 20, 22, 29,
May 6, 13, and 30, 1998. These visits were often guided by local experts who knew
the locations of plants and projects and could give a historical perspective for

understanding the dynamics of the vernal swale and pooi ecosystems.

Local Experts

Many people have been involved in rare plant and wetland conservation issues
on the Santa Rosa Plain. Some were consuited in person (pers), by phone {ph), by
questionairre (q - see Appendix 3), or on fieid trips (f}. These included; Robert Becker,
Sonoma County Airport (f), Allan Buckmann, CDFG (pers, ph, f), Debbie Eakins (pers),
Betty Guggolz, CNPS (pers, ph, q, f}, Jack Guggolz, CNPS (f), Ann Howald, Santa
Rosa Junior College, (pers, ph, f), Teresa LeBlanc, Lands Coordinator CDFG Region
3 (pers), Jeff Monk (ph), Dr. Philip Northen, Sonoma State University (ph, q), Lorraine
Parsons, Sonoma County Water District (pers, ph, f), Charles Patterson, private
consultant (q), Dr. Charles Quibell, Sonoma State University (q), Marco Waaland,
Golden Bear Associates (pers., g, f), and Carl Wilcox, Environmental Specialist

Supervisor CDFG Region 3 (pers, ph, f).

The SRVRS Database
The SRVRS Database is an electronic summary of information gathered on
properties that have been placed under the regulatory auspices of CDFG, either by
purchase, mitigation agreements, or the establishment of conservation easements with
private landowners. The information (2.13 Mb) has been collated into three major
sections: property attributes, biological resources, and security and entered
into Microsoft Access (1997). These are displayed as nine tables: Properties,

AdjacentPropEast, North, South, or West (the adjacent properties),
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BioResources, Hydrology, Soils, and Security. Appendix 4 is an abbreviated
introduction to opening, guerying, reporting from, and entering data into the Access
database. There is also a detailed set of guidelines and abbreviations that can be
used for data entry in the future. New information and pericdic updates are essential

for keeping this database useful as a planning and management tool.

NARRATIVE DESCRIPTIONS OF THE PROPERTIES: POTENTIAL FOR
RESTORATION EXPERIMENTS AND MANAGEMENT

The properties of the SRVRS are presented below in alphabetical order. The
descriptions include information on land-use history, plant community composition,
recent trends in rare plant populations, in‘troduced species, previous conservation or
restoration activities, access, and the potentiai for conducting experiments to

manipulate habitat quality.

Abramson Road (7.5 acres)

A small complex of vernal swales and pools, the Abramson Road property was
known for its stands of native grasses and forbs and its seasonal habitat for waterfow,
shorebirds and fairy shrimp. A small population of Lasthenia burkei is present (2,200
plants in 1991, 1000-5000 in 1992), along with Ranunculus fobbii ;':md an unusual
subpopulation of Quercus kelloggii (Patterson 1994a). The site was grazed by horses
as part of the original 20 acre Bainbridge parcel, and some minor alterations to the
hydrology have been made by damming a small basin on the eastem side. The
uplands are dominated by exotic annual grasses. Access to this isolated property is
by a permanent easement from Guerneville Road north, but there is no driveway or

internal tracks. It is unlikely that management experiments could be conducted here
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in the near future because of the small population size of Lasthenia burkei and the

generally poor access.

Airport (15+ acres)

A large number of created pools and swales are found around the complex of
runways, tarmacs, and access roads of the Sonoma County Airport. Many slow-
draining channels were unintentionally created by the military during airstrip
construction for World War Il . These tend to be linear depressions that run paraliel to'
the runways and taxiways. All of these linear swales were seeded with Lasthenia
burkei by Charlie Patterson in the late 1980s and have not been re-seeded since
1993. Swale patches, typically 25 to 40 m long and 1-2 m wide, each contained
roughly 5000-8000 robust, flowering plants. There were also a number of linear
swales in which seeding failed entirely, but these were not subsequently monitored to
allow determination of how microsite variation affected Lasthenia burkei
demography. There is also evidence that subpopulations have become self-
established across the airport in sites with suitable habitat conditions. Owing to their
juxtaposition to the runways, the artificial swales and their subpopulations are mowed
and muiched in late spring (May to June) as part of regular airport g‘;oundskeeping (R.
Becker pers. comm 4/98).

Towards the northwest is the Wildflower Preserve which contains three recently
created pools and one, apparently natural, swale. Of the three pools, the WF-2 (or
center pool) supports a very large (104 - 105), self-sustaining population of Lasthenia
burkei, as well as a few other native pool species (e.g. Downingia ). Mentha pulegium
is present in the pool bottom but contributes less than 1% cover. Other common
pool/swale plants are absent (e.g. Pleuropogon), leading to the conclusion that
created pools can be good reserves for rare plants such as Lasthenia burkei but poof

reproductions of the swale communities of the Santa Rosa Plain. The surrounding
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grasslands were largely dominated by typical weedy species and sparse populations
of Nassella and Danthonia. A natural swale, to the south of WF-2, once supported a
small natural population of Limnanthes vinculans (B. Guggolz pers. comm. 4/98), 5ut
is now dominated by freshwater marsh perennials (e.g. Eleocharis, Scirpus). Adjacent
irrigation by the Sonoma County Water District may have altered the hydrology
sufficiently to convert the swale into a persistent wetland. Detailed descriptions of the
pool creation project and subsequent monitoring are given in Patterson {1990) and
WESCO (1993).

Given the large nljmber of robust, separate, and introduced subpopulations of
Lasthenia burkei, the Sonoma County Airport would be a favorable site for
experimental, small-scale manipulations. The effects of. fire, weeding, herbicides, and
mowing (liming, techniques) on the demography of Lasthenia burkei could be done
without disrupting airport operations or putting natural populations at risk. There
would be access and public relations issues related to obtaining cooperation from

airport administrators.

Alton Lane (35 acres)

Prior to the planting of a historic vineyard, this property was the site of a complex
natural swale, pool, and upland system with a rich native flora and significant
populations of native grasses (e.g. Danthonia, Nasella, Sitanion, Elymus and |
Hordeum brachyantherum )(Patterson 1993). By the late 1980s, motorcycles had
worn roads and trails throughout the site, and grapevines, cotoneasters, and annual
barley were well established. An aerial photo shows two branching, natural swales
and at least 11 separate, natural pools (total wetland area =25 acres), supporting an
estimated 248,000 individuals of Blennosperma bakerii and 8,000 of Lasthenia burkei
in the spring of 1989 (Patterson 1990 Table C-3, Patterson 1993 Figure 3, Table 3}.

Over the next three years, the natural Blennosperma population at Alton Lane
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declined to 63,000, while Lasthenia fluctuated between 10,400 (1990) and 3600
(1993). There was no record of Limnanthes vincufans in these natural pools prior to
1993 (Patterson 1993, Table 3), aithough many other native vemal pool plants were
present (e.g. Limnanthes alba, L. douglasii, Downingia concolor, Lasthenia
glaberrima, Pleuropogon californicus, Aanunculus lobbii ) (Patterson 1993, Tabie 4).
There was also é small population of Blennosperma nanum on a small part of the
western parcel (= San Miguel, see below), one of only two on the Santa Rosa Plain
that co-occurred with the rare species (D. Eakins via A. Howald, pers. comm. 11/98).
Beginning in 1988, Alton Lane became a site for mitigating the loss of wetlands
and rare plant populations elsewhere on the plain (Patterson 1990, 1991, 1992c,
1993). Created or excavated pools were scraped from broad depressions by
removing 10-20 inches of topsail in upland areas on the western haif of the property.
Swales on the eastern side of the property were enlarged by the construction of earth
dams. By 1993, there was a total of 26 excavated pools on the site, adding
approximately 6 acres of wetland surface, and enlarged swales added another 2 acres
(Patterson 1993, Table 1). Surface soil (plugs and shovel scrapings) and seeds
{collected with a vacuum cleaner) were transferred from the San Miguel project sites (a
mile to the east) and used to innoculate newly created pools or expainded swales.
Portions of swales with natural subpopulations of Blennosperma were left untreated.
Although a few plugs were transfered in 1988, the majority of the innoculation began in
summer of 1988 and ended in fall of 1992. The amount of material moved was not
given in the progress reports, although a presumably rough estimate was several
hundred thousand Blennosperma seeds and 10,000 to 20,000 Lasthenia seeds
(Patterson 1990). A total of 45,250 Blennosperma individuals supplemented the
natural popuiéﬁon (63,-200) in 1983, with more than 210,000 added over the 1990-
1993 period. More than 36,000 Lasthenia burkei plants supplemented the natural

poputation (3600) in 1993, with more than 61,000 added over the four years (Patterson
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